The milk-ejection reflex was studied in anaesthetized, lactating Wistar rats in order to evaluate the contribution of the paraventricular nucleus (PVN) In the second series of experiments, the facilitatory action of centrally administered oxytocin (1 mU, 2.2 ng) was examined in animals bearing either sham or complete PVN lesions. In both groups, intracerebroventricular injection of oxytocin was able to increase the frequency of milk ejections, although the incidence of milk ejection was lower in the pre-and post-injection period in the PVN-lesioned animals.
INTRODUCTION
The important role of centrally released oxytocin in the control of the milk-ejection reflex was first established by Freund-Mercier & Richard (1981 , 1984 . They demonstrated that intracerebroventricular (i.c.v.) administration of oxytocin greatly increased the frequency and amplitude of pulsatile oxytocin release during suckling, whereas adminis¬ tration of oxytocin antagonists produced the opposite effect and suppressed the responses. However, the precise details of the neural circuitry mediating the facilitatory action of oxytocin remain obscure.
There is much circumstantial evidence to suggest that the paraventricular nucleus (PVN) may play an important part in the facilitatory action of central oxytocin on the milk-ejection reflex. Thus the PVN contains the major population of centrally projecting oxytocin neurones within the brain (for reviews see Buijs, 1983; Sofroniew, 1985) , and is known to be an important source of oxytocin in the cerebrospinal fluid (CSF) (Robinson, 1983;  Hughes, Everitt, Lightman & Todd, 1987) . Conversely, the PVN may be viewed as a possible feedback target for the facili¬ tatory effects of oxytocin. Supporting evidence for this has been obtained from studies of the effectiveness of oxytocin administered at different sites within the ven¬ tricular system. These suggested that oxytocin acted within the wall of the third ventricle in the proximity of the PVN (Freund-Mercier & Richard, 1984) . The fact that PVN cells appear to be directly sensitive to oxytocin (Inenaga & Yamashita, 1986) (Davison, Ingram, Juss & Wakerley, 1988 (Tribollet, Clarke, Dreifuss & Lincoln, 1978 (Juss & Wakerley, 1981 (Hastings, Winn & Dunnett, 1985 Protocol for experiment 2 Animals were surgically prepared and mounted in a stereotaxic frame as described above. After exposure of the dura, the superior sagittal sinus was ligated and the dura reflected laterally. A steel cannula attached to a 10 pi Hamilton microsyringe was then stereotaxically positioned either into the right lateral ventricle or into the third ventricle. Correct positioning of the cannula was confirmed by injection of 2 pi NaCl (3 mol/1), which resulted in characteristic multiple increases in intramammary pressure (Clarke & Merrick, 1985) . Since it became apparent that positioning of the ventricular cannula was consis¬ tently reliable, this part of the procedure was omitted in later experiments. After obtaining the co-ordinates of the ventricle, the injection cannula was withdrawn and an electrode positioned for making bilateral lesions of the PVN as described above. In a second group of sham-lesioned animals, the electrode was positioned, but no current was passed.
Three to six hours after lesioning, the cannula, attached to a microsyringe containing oxytocin (0-5U/ml in 0-15 mol NaCl/1), was repositioned into the ventricle. Nine pups were applied to the nipples of the anaesthetized rat, still fixed within the stereotaxic frame. After a series (usually four) of (Tindal & Knaggs employed the guinea-pig), but could also be explained by the fact that electrical stimulation of the midbrain instead of suckling was used to evoke milk-ejection responses. In another early study by Voloschin & Tramezzani (1973) , it was found that lactating rats with complete lesions of the PVN maintained the ability to yield milk (judged by litter weight gain following a period of suckling), thus indicating con¬ tinued operation of the milk-ejection reflex, and this supports the more direct evidence obtained in the present study.
In terms of the organization of the milk-ejection (Saphier & Feldman, 1985) . Moos & Richard (1989) recently proposed that such interconnections may ensure close functional relation¬ ships between the different groups of oxytocinergic neurones, although they do not appear to be necessary for burst synchronization during milk-ejection. (Freund-Mercier & Richard, 1984) . It is possible that other oxytocin cells outside the PVN, for example from cell groups of the rostral forebrain (Jirikowski, Caldwell, Pilgrim et al. 1989) , provide additional sources of central oxytocin for facilitating the reflex. Our conclusion that it is the parvocellular rather than the magnocellular PVN cells which are import¬ ant in regulating the pattern of milk ejection, is in apparent contrast to previous studies in which repetitive electrical stimulation of the neural stalk was found to facilitate the milk-ejection reflex (Negoro, Uchide, Honda & Higuchi, 1985; Dyball & Leng, 1986 (Davison et al 1988) , is again consistent with the idea that it is the parvocellular cells which are the more important in regulating frequency. This would also explain why osmotic stimulation, which increases electrical activity and hormone release from magnocellular oxytocin neurones, but does not cause a rise in CSF oxytocin (Robinson, 1983) , does not increase the frequency of milk ejections (Negoro, Honda, Uchide & Higuchi, 1987) . However, it has been reported (Zerihun & Harris, 1983) Moos & Richard (1989) found that injections of oxytocin directly into the PVN caused facilitation. However, the effect was somewhat delayed and lower compared with injection into the ventricular system, where the oxytocin could gain access to other target sites.
Where else might oxytocin have been exerting its effect following lesions of the PVN? One obvious site is the SON, especially since SON neurones have been shown to be directly sensitive to oxytocin (Yamashita, Okuya, Inenaga et al. 1987) , and injections of oxyto¬ cin into the SON have also been shown to facilitate the reflex (Moos & Richard, 1989) . Against this is the fact that intra-hypothalamic injections of 1 ng (approximately 0-5 mU) oxytocin as close as 500 pm from the SON have been shown to be ineffective in causing facilitation (Moos & Richard, 1989) (Insel, 1986) . Neurones in the BNST are excited by oxytocin (Cutler, Ingram & Wakerley, 1988) , and show correlative changes in activity with milk-ejection bursts in SON neurones (Moos, Ingram, Lambert & Richard, 1990) . Given the extensive connections of the BNST with the magnocellular oxytocin cells (Sawchenko & Sawson, 1983) , this may be a major region co-ordinating the central effects of oxytocin on milk-ejection frequency.
